What is claimed is: 

■[■ 

A memory cell for a memory array in a folded bit line configuration, the memory 
cell^mprising: j 

^ access transistor formed in a pillar of single^crystal semiconductor material, 
the accesiUransistor having first and second source/drain regions and a body region that 
are verticall^^gned; / 

the access transistor further including a gate coupled to a word line disposed 
1 0 adjacent to the hod^ region; i 

a passmg worolme separated firom the gate by an insulator for coupling to other 
memory cells adjacent tMie memory cell; and 

a trench capacitor, wherein the trench capacitor includes a first plate that is 
formed integral with the first^urce/drain region of the access transistor and a second 
1 5 plate that is disposed adjacent to me fi^-pl^te and separated from the first plate by a 
gate oxide. 
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2. The memory cell of claim 1 , \sdierefiitlie second plate of the trench capacitor 

surrounds the second source/drain region. / 

/ 

/ 

3 . The memory cell of claim 1 , >^erein the second plate comprises poly-silicon. 
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4. The memory cell of claim 1 , and further comprising^ ohmic contact that 
couples the second plate to a layer of semiconductor material. 

5. A memory device, comprising: 
an array of memory cells, each memory cell including a vertical^access transistor 

formed of a single crystalline semiconductor pillar that extends outwardly^om a 
substrate with body and first an^ second source/drain regions, a gate disposi^^jacent 
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ion/and a i 



a side of the pillar adjacent to the body region/and a trench capacitor wherein a first 
plstte of the trench capacitor is integral with the^rst source/drain region and a second 
plate of the trench capacitor is disposed adjacent to the first plate; 



/ 



Lumber of bit lines that are each selectively coupled to a number of the 

\ / 
5 memory cells at the second source/drain region of the access transistor so as to form 



columns 



of i^ai 



ory cells in a folded bit line configuration; and 



a niimbercyfword lines disposed substantially orthogonal to the bit lines in 
trenches between rows of the memory cells, wherein each trench includes two word 
lines, each word line co^gled to gates of alternate access transistors on opposite sides of 
10 the trench. 

/ 



6. The memory device of clakn 5,' wherein the pillars extend outwardly fi*om a 
semiconductor portion of the substrata 



15 7. The memory device of claim^ 5, wh^ein a surface area of the memory cell is 4F^, 
where F is a minimum feature size,/ 
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8. The memory device of claim 5, wherein the second plate of the trench capacitor 
surrounds the second source/drain region of the access transistor. 



The memory device of claim 5, wherein the second plate of the trench capacitor 



is maintained at q)proximatel]/ground potential. 



10. The memory device of claim 5, wherein the second plate 
25 comprises poly-silicon that is maintained at a constant potential. 




ench capacitor 



1 1 . The memory device of claim 5, wherein the pillar has a sub-micron width\go as 
to allow substantially full depletion of the body region. 
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The memory device of claim 5/ wherein the word lines are sub-lithographic. 

A memory array comprising: 
a number of memory cells forming an array with a number of rows and columns, 

each memorkcell including an access transistor having body and first and second 

\ I 
source/drain regions formed vertically, outwardly from a substrate and a gate disposed 



adjacent to a side of the transistor,' the second soiu-ce/drain region including an upper 

semiconductor surf^; / 

^\ / 

a number of first^olation trenches separatmg adjacent rows of memory cells; 
1 0 first and second word lines disposed in each of the first isolation trenches and 

coupled to alternate gates on^opposite sides of the trench; and 



a number of second isblation trenches, each substantially orthogonal to the first 
isolation trenches and mterpd'sec^twp^^jacent memory cells. 




15 14. The memory array of claim 13, wherein the gates of the access transistors are 
each formed integral with one of the wordMines. 



1 

15. The memory array of claim 13, whereinHhe pillars extend outwardly from a 
semiconductor portion of the substrate. 
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16. The memory array of claim 13, \^erein a surface area of the memory cell is 4F^, 

/ ^ 
im 

/ 

17. The memory array of claim 13, wherein the second plate^f the trench capacitor 
25 surroimds the second source/drain region of the access transistor. 



^ere F is a minimum feature size. 



18. The memory array of claim 13, wherein the second plate of the ^^nch capacitor 
comprises poly-silicon that is maintained at a constant potential. 
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n the word lines have a width that is less 




than the minimum feature 



20. lA. method of fabricating a memory array, the method comprising the steps of : 

fining a number of access transistors, each access transistor formed in a pillar 
of semiconductor material that extends outwardly from a substrate wherein the access 
transistor includes a first source/drain region, a body region and a second source/drain 
region formemvertically thereupon; 

forming\a trench capacitor, ^^dlerein a first plate of the trench capacitor is 
1 0 integral with the first source/drain region of the access transistor; 

forming a number of word lines in a number of trenches that separate adjacent 
rows of access transistors, wherein each trench includes two word lines with a gate of 
each word line interconnecting altemate access transistors on opposite sides of the 
trench; and 

1 5 forming a numb^ of bit lines that interconnect second source/dram regions of 

selected access transistors\ 



2 1 . The method of claim 2GL wherein the step of forming a trench capacitor fiirther 
includes the step of forming a setond plate that surrounds the first plate. 
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22. The method of claim 20, and fiirther comprising the step of forming a contact 
that couples a second plate of the trench capacitor to an underlying semiconductor layer. 



23. The method of claim 20, where the step of forming a trench capacitor comprises 
25 the step of forming a second plate that foWs a grid pattern in a layer of semiconductor 
material such that the grid surrounds each of the pillars that form the access transistors. 
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24. VThe method of claim 20, wherein the step of forming a trench capacitor 
comprises the step of depositing poly-silicon in crossing row and colunm isolation 
trenches formed around the pillars that define the access transistors. 

5 25. A method of fabricating a memory array, the method comprising the steps of: 
formingsii first conductivity type first source/drain region layer on a substrate; 
fommig aysecond conductivity type body region layer on the first source/drain 
region layer; \ 

forming a fikt conductivity type second source/drain region layer on the body 
10 region layer; \ 

forming a plurality of substantially parallel column isolation trenches extending 
through the second soum^e/drain region layer, the body region layer, and the first 
source/drain region layeX thereby forming column bars between the colimm isolation 
trenches; \ 
1 5 forming a plurality o£ substantially parallel row isolation trenches, orthogonal to 

the column isolation trenchesi extending to substantially the same depth as the colimm 
isolation trenches, thereby formmg an array of vertical access transistors for the memory 
array; \ 

filling the row and colunm isolation trenches with a conductive material to a 
20 level that does not exceed the lower \evel of the body region so as to provide a common 
plate for capacitors of memory cells oVthe memory array; 

forming two conductive word Imes in each row isolation trenches that 
selectively interconnect alternate accessitransistors on opposite sides of the row 
isolation trench; and \ 
25 forming bit lines that selectively interconnect the second source/drain regions of 

the access transistors on each column. \ 

26. The method of claim 25, A^erein the step of forming a first conductivity type 
first source/drain region layer on a substrate comprises the step of forming first 
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conductiviw type first source/drain region layer on a substrate that extends outwardly 
from the substrate to a distance sufficient for the source/drain region layer to also 
function as a first plate of the capacitor for each memory cell m the array. 
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